ABSTRACT: Top-soil samples were taken from four mountain forest ecosystems in the Bohemian Forest to compare the processes in European beech-mixture (fs) and Norway spruce (Pa) dominating ecosystems. Selected plots can be grouped into two types of forest ecosystems which are conditioned by position on the natural altitudinal gradient. Several chemical features (content of organic matter, properties of humic and fulvic acids, releasable P, Ca, Mg, Fe and Al content) were compared with the species structure of oribatid mite communities in the same samples. Strict differences between both ecosystem types were discovered. Statistically significant differences were detected in Mg content (0.42 mg/g in fs ecosystems compared to 0.30 mg/g in Pa ecosystems) and in organic matter quality (the ratio of carbon content in humic acids to carbon content in total humus acids was 0.53 in fs ecosystems and 0.66 in Pa ecosystems) and quantity (e.g. content of humic acid carbon was 59 and 86 mg/g in fs and Pa ecosystems, respectively). Different dynamics of organic matter decomposition and nutrient movement lead to some opposite correlations among the soil chemical features: correlation between total ash and soluble ash (r = +0.96 and -0.86 in the fs and Pa ecosystems, respectively) and total ash -P content correlation (r = +0.76 and -0.92 in the fs and Pa ecosystems, respectively) can be mentioned as examples. The oribatid mite communities are markedly distinct in both ecosystem types, although parameters of species diversity and abundance are similar. Different correlations were revealed between the parameters of mite community structure (e.g. species diversity and total mite abundance) and top-soil chemical features. The correlation structure is different in both ecosystem types. It indicates differences in leading variables determining the oribatid community structure in the beech mixture ecosystem or in the Norway spruce one.
JOURNAL OF FOREST SCIENCE, 55, 2009 (12): 540-555 Soil is an integral component of the forest ecosystem. Soil conditions are related to both the environmental conditions and the state of ecosystem (including partial communities, e.g. plants, animals, fungi, microorganisms). They also influence many processes in the ecosystem.
Top-soil represents the most effective part in the dynamics of chemical substances in forest ecosystems. It is an active "mesh" for aboveground litter where decomposition processes play a key role.
Top-soil is the location of organic matter accumulation and formation of humus of different forms (e.g. Green et al. 1993) . Relationships between humus features and vegetation properties are well known (Klinka et al. 1990 ). There are several examples of studies on this subject: Vránová et al. (2006) brought evidence for dependence between humus forms and tree regeneration. The impact of tree layer damage on humus layer was studied in the Bohemian Forest by Svoboda (2003a) . The litter decomposition and humus formation are connected with dynamically changing communities of some invertebrates (e.g. Berg et al. 1998 ). An attempt to connect top-soil features and the structure of communities of some invertebrates should be a reasoned step of the ecosystem study in forests.
The natural altitudinal zonation of forests is important from the aspect of a change in dominant tree species and also in the ecosystem function. The main goal of this paper is to reveal differences between top-soil properties in sites in European beechmixture and Norway spruce forest ecosystems. The forests of near-to-nature structure in the Bohemian Forest were used. The oribatid mite (acari: Oribatidae) communities (assemblages) were used as a biological indicator (Starý 2008) . Oribatid mites are the most diverse arthropod group in forest litter and soil, and they make significant contributions to decomposition as microbial grazers and saprophages (Hansen 2000) . There is a lack of information about linkage between the structure of these communities and chemical properties of soil. Information on processes operating at the ecosystem level is required in order to understand differentiation of communities (assemblages) in the ecosystem. Although it is widely accepted that soil biota and trophic interactions between various groups of soil biota play a major role in the regulation of decomposition of soil organic material and recycling of nutrients, the driving mechanisms remain obscure (Berg et al. 1998) .
This paper deals with this problem using an example of two types of comparable forest ecosystems differing in altitude as the driving environmental factor.
METHODS

Study plots
Four plots were selected from an altitudinal gradient on the eastern slope of Plechý Mt. in the southeastern part of the Bohemian Forest (Šumava Mts.), South Bohemia. Plots are localized near to the state frontier. These plots are under long-term ecosystem research (Vacek et al. 2006) . Basic soil properties were studied by Podrázský (2007) : soil types are Cambisol (plots P13 and P14) and Ranker (P18 and P20) with podzolization process. Vegetation can be described using average plant coenological relevés from the period 1997-2007: Plot P13: altitude 1,050 m, group of forest types 6S (Piceeto-fagetum mesotrophicum; see Viewegh et al. (2003) for the applied system).
Total cover E 3 90%, E 2 80%, E 1 62% 
Soil sampling and mite determination
Soil cores of 3.6 cm in diameter (area 10 cm 2 ) and 5 cm depth were sampled in September 2007. Five samples were taken in each plot (Starý, Matějka 2008) . The first sample was taken in the proximity of laying decaying wood or stump and the other ones at distances of 1, 3, 5, and 8 m from the first sample. Samples were transported to the laboratory, where soil mites and other mesoedaphon were extracted in modified high-gradient funnels during 5 days at a temperature of 23°C, 28°C, 30°C, 33°C, and 40°C. Collected oribatid mites were cleared in slides with 80% lactic acid, determined at the species level and stored in glycerol. All determined material is deposited in the mite collection of the Institute of Soil Biology, Biological Centre Academy of Sciences of the Czech Republic at České Budějovice. The mite determination was performed mainly by using Kunst (1971) , Giljarov and Krivolutsky (1975) , Balogh and Mahunka (1983) Table 2 . Parameters of the structure of oribatide communities in the studied plots. AVG -arithmetic mean over five samples taken from the plot; total -calculated on the "mean" sample (according to the sum of each species); n -average abundance (m 2 ); 'h -Shannon-Wiener's index of species diversity; s -number of species (species richness); e -species equitability; dh -index of β-diversity in the whole plot 
Laboratory analysis
The whole soil sample was homogenized using a laboratory grinder. Large hard particles were carefully removed.
Total ash was determined by the combustion of a sample (1-2 g) at 400°C for 6 hours. Ash was dissolved in hydrochloric acid (1 ml). The suspension was filtered. The rest of ash with filter paper was combusted again to determine insoluble ash. Soluble ash was calculated as difference between total ash and insoluble rest. Releasable content of some elements (P, Ca, Mg, Fe, Al) was determined in the HCl solution of ash. Releasable phosphorus was analyzed according to Kopácek et al. (2001) . The flame atomic absorption spectrometry (Varian, model AA240FS) was employed to determine other releasable elements -Ca, Mg, Fe and Al.
Total humus acids (T) were dissolved in 0.1 mol/l NaOH (approximately 1 g of soil sample and 50 ml of hydroxide solution) and filtered.
Fulvic acids (FA) were separated by precipitation of humic acids (HA) with sulphuric acid. Humic acids were dissolved in the sodium hydroxide solution again. Absorbance at 400 nm (A 400 ) and 600 nm (A 600 ) was measured for total extract (e.g. T-A 400 ) and both fractions (e.g. HA-A 400 and FA-A 400 ). The values were recalculated to unit mass of the sample, thickness of the cuvette and volume of the solution -standardized values are thus in units cm 2 /g. Colour quotient was calculated on the basis of absorbances: Q 4/6 = A 400 /A 600 . Contents of carbon and nitrogen were determined by LiquiTOC II (Elementar Company, Germany) in samples of total humus solution and humic acids.
Data processing
The species composition of soil mite communities was saved in the DBreleve database (Matějka 2009) together with analogous communities according to samples from other similar localities in the Bohemian Forest (Starý, Matějka 2008) , where total number of individuals per sample (INDIVIDUAL), species richness (s), Shannon-Wiener's index of diversity ('h) and equitability (e) were calculated. The variables 'h, s and e are measures of α-diversity and species richness. We calculated dh = 'h total -'h AVG ('h total is diversity index in the joined "average" sample and 'h AVG is the arithmetic mean over diversity indices of single samples) as a measure of β-diversity among different places within the plot. The ordination technique -DCA was used to reveal similarities of individual samples. It was calculated in the CANOCO software (Ter Braak, Šmilauer 2002) . Classifications of both samples and mite species were carried out using the TWINSPAN procedure (Hill 1979) .
All data on both the chemical properties of soil and the structure of oribatid community for individual soil samples were processed by correlation analysis. Differences in averages among the two sets according to dominant tree species were tested by Student's t-test. The correlation analysis and principal component analysis (PCA) were used to describe data structure and relationships among variables in both sets separately.
Correlation analysis was carried out for subsets of data according to altitudinal zone and dominant tree species in the plant community. Differences between pairs of correlation coefficients for the same combination of variables can be tested using Z-transformation (Anděl 1985)
as the standardized difference
where: Z 1 , Z 2 -Z-transformed correlation coefficients for the first and second set of samples, respectively, n 1 , n 2 -numbers of samples in both sets.
The U value has Gaussian distribution N(0,1), thus absolute values abs(U) > u 0.95 should indicate significant differences between both correlations.
RESULTS AND DISCUSSION
Oribatid mite communities
Altogether 4,287 individuals of oribatid mites belonging to 70 species were found. The average community composition can be found in Table 1 . Both diversity and species richness are shown in Table 2 .
Plot P13
In total 30 oribatid species were found in this plot in high average abundance and species diversity. Distinctly eurytopic oribatid species dominated in this community, especially Oppiella nova, suctobelbella subcornigera and medioppia subpectinata. The silvicolous species Chamobates voigtsi, which decreased its population density along the altitude gradient, was missing in the summit parts of Plechý Mt., was comparatively frequent together with another silvicolous species lauroppia falcata distinctly Table 3 . Average properties (AVG) of top-soil in the examined plots and corresponding standard deviations (STD). Each plot is represented by 5 samples. D b-s -statistically significant difference between samples in beech-mixture and spruce forests at levels α < 5% (*), α < 1% (**) or α < 5% (***) using Student's t-test. Fractions of humus substances: T -total extract, HA -humic acids, FA -fulvic acids. DCA -score according to ordination axes. Prevailing classification groups are accompanied by the number of respective samples 
Plot P14
The species richest oribatid community with high average abundance and species diversity living in this plot in comparison with the other ones in the studied altitude gradient. Dominance of the hygrophilous and silvicolous species Nanhermannia coronata was distinct because this species prefers moist forest litter and mosses of peat bogs. High dominance and species density of this hygrophilous species reflects the high soil moisture of some parts in this plot. Other distinct dominant species were eurytopic and silvicolous Oppiella nova and lauroppia falcata. An important and rare species was steganacarus herculaneus, which prefers submontane beech forests of Central Europe, their juvenile stages, like also other representatives of the family Phthiracaridae mining conifer needles and leaf petioles (Hagvar 1984) .
Plot P18
A rich oribatid community was found in this plot regarding the species richness with the highest average and total species diversity, but with distinctly lowest average abundance. The euryvalent cosmopolitan species Tectocepheus velatus distinctly dominated, which was found in lower population density and dominance in beech forests in comparison with spruce forest at a higher elevation. The hygrophilous and silvicolous species atropacarus striculus, which participates significantly also in the secondary decomposition of coniferous needles in forests of Central Norway (Hagvar 1998), found its ecological optimum in this plot. The species characteristic of submontane forests of Central Europe like: hermannia gibba, Belba pseudocorynopus, and Platynothrus peltifer were found at a subdominant level in this plot. The species Chamobates voigtsi was substituted in the context of increasing altitude by the allied species Chamobates borealis. Important and rare species were liochthonius perfusorius and Damaeobelba minutissima.
Plot P20
The poorest oribatid community was found on this plot at the highest altitude with the lowest average and total species diversity and equitability. Dominance was concentrated to a few species, first of all to eurytopic Tectocepheus velatus reaching there the highest population density and dominance in the studied altitude transect together with hygrophilous Chamobates borealis. Rare species were Brachychochthonius jacoti, melanozetes meridianus and Quadroppia monstruosa.
Soil features
Comparing sets of samples from beech and spruce ecosystems, it is possible to list the basic findings (Table 3) : -Content of total ash is comparable in both sets of samples. -There is no difference in the content of soluble ash. -The soluble humus matter (FA + HA) content is moderately higher in the top-soil under Norway spruce. This difference is not statistically significant. -Content of humic acids is higher in the top-soil under Norway spruce. -Qualitative features (as Q 4/6 ) of humic acids are similar in both sets. -The quotient Q 4/6 for fulvic acids is moderately higher in the top-soil under Norway spruce. -The share of humic acids in total soluble humus matter is higher in the top-soil under Norway spruce with high statistical importance. -The C/N ratio is higher in the top-soil soluble humus matter under Norway spruce. -Higher releasable Mg content in the top-soil under beech is the sole statistically significant difference in the set of studied elements, nevertheless average Ca content was also higher in this sample set. More rapid dynamics of organic matter in the soil of beech-mixture forests is possible as indicated by higher nitrogen content in soluble humus matter and higher content of base cations.
It is not possible to find any correlation among determined soil variables in the set of all samples. Different situation occurs after dividing the samples into two groups according to forest altitudinal zones and dominant tree species. There arises a unique data structure in each set. The relationship among variables in both data sets was calculated (Tables 4  and 5 ). The basic significant difference was revealed in the correlation between total ash and soluble ash. Both values are positively correlated in the beechmixture forest, but they have a negative correlation in the Norway spruce forest. This fact together with other correlations points to another finding: (1) The litter falling onto the soil surface in the beech-mixture forest brings mineral elements. Litter is rapidly decomposed and mineral elements concentrate in the top-soil organic-mineral complex. Table 4 . Correlation coefficients among the studied soil properties (see Table 3 Table 4 to be continued (2) The litter is decomposed slowly in the Norway spruce ecosystem. Free mineral elements are leached (probably with organic acids, fulvic acids prevail) from the top-soil to a lower horizon. A difference in the movement of matter between both forest categories is consistent with conclusions of other authors (e.g. Remeš, Kulhavý 2009 ). The contrast is reflected in the distribution of soil features in the respective ordination space (Figs. 1 and 2) .
Descriptions of differences in the soil features in different types of forest ecosystems are frequent. They unfortunately use the basic soil parameters (e.g. pH, nutrient content, and base saturation of sorption complex) only. Some papers were aimed at the investigation of air-pollution impact on soil chemistry (e.g. Kreutzer, Weiss 1998). Planted forests are in focus (e.g. Fabiánek et al. 2009 ). Natural forests are objects of study less frequently (e.g. Koreň 1984; Průša 1985) . A comparison of spruce and beech forests is available from the Krkonoše Mts. (Podrázský 1996) . Nevertheless, these data are not comparable with the results presented here because: -other papers do not study samples in spatial variation in the sample plot, -other papers are not focused on qualitative parameters of organic matter, -it is not possible to analyze the relationship among soil properties in a comparable type of ecosystem. Humus matter in the mountain forest soils of the Bohemian Forest was analyzed in several papers (Kalousková 1995; Novák et al. 1999) . All values of the C/N ratio for humic acids from top-soil (averages according to plot vary between 26 and 35) are markedly higher compared to these values for fulvic acids isolated from the B-horizon of soil in a similar ecosystem (15.9 reported by Novák et al. 1999) . Bitumens (soil lipids) should be another important fraction of the soil organic matter, which were studied in the locality near to the presented site P20 (Novák 1995; Novák et al. 1998 ). Bitumen 
Oribatid mite communities and environmental conditions
A difference between oribatid communities in both forest types is manifested at the first (highest) classification level of samples using both TWINSPAN divisive method and Ward's agglomerative classification (Table 3) . Our data point to a different relationship among top-soil features in the mite community (assemblage) structure in beech-mixture and Norway spruce dominated forest ecosystems. Statistically significant correlations were found by diversity measures (total diversity 'h and equitability e). While these variables were correlated with the humic acid carbon share in total humus carbon in the beech-mixture ecosystems, the most important correlation with optical properties of humic acids (Q 4/6 ) was found under the spruce stands. Moreover, the number of mite individuals in the beech-mixture ecosystems was related to optical density (A 600 ) of fulvic acids (Tables 4 and 5 ).
The comparison of average abundance shows that the community of both plots with beech forest (P13, P14) was quantitatively richer than the community of montane spruce forest at a higher altitude (P18, P20). The average species richness decreases with the altitude gradient whereas the lowest species number and average species richness were found on Plot P20 at the highest elevation. The average species diversity was distinctly lowest on Plot P20, other plots showed a similar level of this character. Distinct concentration of dominance to one eurytopic, cosmopolitan, parthenogenetic and microphytophagous species Tectocepheus velatus and an increase in its population density can be observed along the altitude gradient. This species as one of the few oribatid mites is capable to tolerate strong anthropogenic stress colonizing frequently at high dominance localities Table 5 . Correlation coefficients among the studied soil properties (see Table 3 Table 5 to be continued extremely impacted by human activity like arable soil, early stages of secondary succession, young fallows (Starý 1996 (Starý , 1999 , early stages of primary succession, colliery dumps after brown coal mining (Frouz et al. 2001; Starý 2002 ) and also plots with extreme soil microclimate and soil chemistry. The extremely high dominance of a single species can indicate the negative impact of a stressor like sparsely stocked forest stand and following soil desiccation as a consequence of the bark beetle gradation in plots P20 and especially in P18. Other plots show the dominance distribution of more eurytopic species, which is a characteristic feature of developed and stabilized oribatid communities. So far there have been only a few studies on the effect of altitude on the distribution of oribatid mites (Walter 1985; Lamoncha, Crossley 1998; Schatz 1998 ), but unfortunately none in Central Europe, so our data on this subject in our conditions are very scarce. This phenomenon was studied in other zoogeographical realms and areas. Hasegawa et al. (2006) studied changes in oribatid communities with the altitude gradient in conditions of tropical forest on Mount Kinabalu, Malaysia. The density and species richness of oribatid mites decreased with elevation, but the effects of altitude on density on non-ultrabasic bedrock were less significant than on the ultrabasic substrate. Oribatid density correlates positively with the concentration of soil organic phosphorus and negatively with that of exchangeable Ca in soil. The species richness of oribatid mites positively correlated with phosphorus concentration in litter, aboveground biomass, tree diversity and litter amount and negatively correlated with elevation and Ca in soil. The species composition of oribatid mite communities was quite different from our results because of different zoogeographical realm. Canonical correspondence analysis showed the importance of altitude for the community structure of oribatid mite. A different trend was found in the study of the influence of altitude gradient on soil animals in oak forests in the Moroccan Atlas Mts. (Sadaka, Ponge 2003) . There was found a decrease in the population abundance of soil mites according to the altitude gradient. The main effect of altitude was probably an increase in the thickness of soil horizons where most soil mites were living. Reasons for an increased abundance of organic matter at a higher altitude can be found in a decreased rate of microbial decomposition due to a lower soil temperature. Kallimanis et al. (2002) stressed that the altitude does not induce any clear oribatid distribution pattern, acting mostly indirectly through the effect on the formation of local soil and vegetation.
The structure of oribatid mite communities depending on the soil horizon and decomposition stage of litter was studied on an example of Scots pine forest (Berg et al. 1998) . Our approach of the total analysis of top-soil cores of defined depth considers all mite individuals as a community (assemblage). The structure of such community depends on the thickness of horizons to present in the sample. It can also be viewed as a local soil feature. This fact is emphasized by comparison with chemical properties of the samples.
CONCLUSIONS
Both the oribatid mite community and top-soil features are distinct in European beech-mixture (in the 6 th forest altitudinal zone) and Norway spruce (in the 8 th forest altitudinal zone) dominated forest ecosystems.
Relationships among soil chemical properties should be studied in the strictly limited group of sites only, because different correlations occur among several soil features. It is not possible to mix up plots belonging to different forest altitudinal zones. Such a serious difference was found between the 6 th and 8 th forest altitudinal zone. Communities of oribatid mites are related to some properties of the top-soil. The most important top-soil features are ash content and releasable Fe concentration in the beech-mixture forests, which would probably be related to different microsites according to the accumulation of litter and/or different plant microcoenosis (sensu Matějka 1992). The community structure can be related to some qualitative features of organic matter in Norway spruce forests. Qualitative parameters of organic material are probably related to the stage of litter decomposition in the microsite.
To neglect spatial variability within a forest ecosystem can lead to omission of important features of soil which indicate major ecosystem processes bound to litter decomposition and chemical element movement. 
